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and 600 times with plastic hollow shell targets [2] . A high gain target will be a cryogenic DT hollow shell with a central cavity [3] . Since a central cavity of the cryogenic target has no residual gases, it achieves high density compression.
We are studying density and areal density of imploded cryogenic D2 targets. Very light plastic foam shell is used to help liquid or solid fuel make a uniform hollow shell. The secondary neutron method is used to determine the compressed density [4] . Neutrons from our cryogenic target, however, are few so we developed the other method to cross-check the areal density of the compressed shell. Fusion produced protons are used to measure the areal density.
The target that we used is a low density plastic foam hollow shell sphere. The foam layer contains a liquid or solid D2 fuel, making a hollow shell cryogenic fuel target [5, 6] [4] . As a practical problem, cryogenic equipment inside the implosion chamber scatters both primary and secondary neutrons, decreasing detectable yields and increasing spurious y-ray noises. These points may have the secondary neutron method fall short of the detection purpose. Here we try to cross-check the areal density by the new proton method. Fews et al. have first detected energy spectra and stopping powers of protons on CR-39 plastics to probe laser plasmas from the NUHART target [10] . The proton spectrum method does not require any absolute number of emitted protons but their energy shifts. CR-39 plastics is not affected by y-ray noises. These are the two advantages over other methods of measuring fuel areal density, such as secondary neutron or knock-on methods [11] . Fig. 1 . Figure 1(a) shows a proton spectrum from a D2-filled glass microballoon (GMD: 12758) for comparison. As listed in Table I Table I . By Gaussian fitting the spectra, we estimated both the peak shifts and the spreads.
The number of tracks should be 3.4 X 10 times NY, assuming isotropic emission all over the angle. The protons may be affected not only from the inner plasma fields but also from the outer field, such as a self-generated magnetic field. The field attains a few hundred Gauss [13] . If the outer fields scatter or distort proton orbits, the number into the spectrometer might be affected and might not be proportional to NY. Nevertheless, as seen from Table I , the GMB and cryogenic target tracks are almost all within 50% of the expected yield, which suggests that the tracks reflect the history inside the targets to some extent.
The stopping power of a 3 MeV proton in a hot dense plasma is given by [14] 6 is the core areal density from XSC and 7 from XFC.
areal densities, assuming uniform fuel compression, as plotted in Fig. 3 . The x-ray data suggest that cooling targets down to solid temperature will increase areal densities to about 20 mg/cm .
The maximum x-ray emission takes place at the end of the maximum compression phase at the contact surface between the first and second layers just before it expands [6] . At the maximum compression, the second layer seems to remain and surround the hot core; then the compression is given by p/po = (R/AR)(phR)~/(RiiARopo)'~, where po = 356 mg/cm . From the x-ray core emission, the imploded shell radius R -= 30 p, m [6] Figs. 1(a) and 1(b) . If the protons take not only radial but also tangential paths in the layer, a simple path integration over the shell gives 1.3 times the effective path length, resulting in about 30% geometrical spread, which is less than the experiment. The spread seems to be due to other effects such as laser energy imbalance cr, which can distort the imploding shell symmetry. The velocity imbalance of the imploding shell may bring about an initial shell perturbation at the stagnation.
From the in-flight asymmetry of the 1D x-ray image of the imploding shell, we estimated the velocity imbalance of the shell. Figure 4 shows that the velocity imbalance increases with increasing cr, , The spread divided by AE also increases linearly with o. , while, as shown, pAR is almost constant or even slowly decreases. pAR seems not as sensitive to such a low mode imbalance. It is predicted that the Rayleigh-Taylor 
